
ANTIMICROBIAL AGENTS AND CHEMOTHERAPY,
0066-4804/98/$04.0010

Dec. 1998, p. 3086–3091 Vol. 42, No. 12

Copyright © 1998, American Society for Microbiology. All Rights Reserved.

Ambulatory Treatment of Multidrug-Resistant Staphylococcus-
Infected Orthopedic Implants with High-Dose Oral
Co-trimoxazole (Trimethoprim-Sulfamethoxazole)

ANDREAS STEIN,1 JEAN FRANCOIS BATAILLE,2 MICHEL DRANCOURT,3 GEORGES CURVALE,2

JEAN NOEL ARGENSON,4 PIERRE GROULIER,2 AND DIDIER RAOULT1*
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We examined the effectiveness and safety of high-dose oral co-trimoxazole (trimethoprim-sulfamethoxazole)
for the treatment of orthopedic implants infected with multidrug-resistant Staphylococcus species. The pro-
spective study was conducted between 1989 and 1997 in a university medical center with ambulatory-care
services. Patients eligible for the study consisted of those from whom multidrug-resistant Staphylococcus spp.
organisms susceptible only to glycopeptides and co-trimoxazole were isolated from their orthopedic implants
and for whom there was no contraindication to the treatment. All patients were treated orally with high-dose
co-trimoxazole (trimethoprim, 20 mg/kg of body weight/day; sulfamethoxazole, 100 mg/kg/day). Patients with
prosthetic hip infections were treated for 6 months, with removal of any unstable prosthesis after 5 months of
treatment; patients with prosthetic knee infections were treated for 9 months, with removal of any unstable
prosthesis after 6 months of treatment; and patients with infected osteosynthetic devices were treated for 6
months, with removal of the device after 3 months of treatment, if necessary. Monthly clinical evaluations were
conducted until the completion of the treatment, and follow-up examinations were conducted regularly for up
to 6 years. The overall treatment success rate was 66.7% (26 of 39 patients), with success rates of 62.5% for
patients with prosthetic knee infections, 50% for those with prosthetic hip infections, and 78.9% for those with
other device infections. Seventeen of the 28 (60.7%) patients who did not have any orthopedic material removed
were cured. Eight patients stopped the treatment because of side effects, and one patient was not compliant.
In three patients treatment failed because of the appearance of a resistant bacterium. Long-term oral ambu-
latory treatment with co-trimoxazole appears to be an effective alternative to the conventional medicosurgical
treatment of chronic multidrug-resistant Staphylococcus-infected orthopedic implants which includes long-term
intravenous antibiotic therapy combined with surgical debridement and removal of foreign material or its
subsequent one- or two-stage replacement.

Chronic bone and joint infections are some of the most
difficult infections to manage. Even aggressive medicosurgical
treatments are not always able to guarantee permanent erad-
ication of the infectious process, particularly when these infec-
tions occur in patients with foreign orthopedic material. Most
of these infections are nosocomially acquired, and reported
infection rates following hip arthroplasty vary from 0.5 to 1%
(28, 31) and are 1 to 2% following knee arthroplasty (16, 28).
The increase in the number of hip and knee replacements over
the past 10 years in developed countries has resulted in an
increase in the overall number of infected patients, despite a
reduction in the infection rate. Coagulase-positive and coagu-
lase-negative staphylococci account for 45 to 55% of these
infections, regardless of the type of implant (2, 3, 17). The
staphylococci isolated from these patients are mostly always
oxacillin resistant (33). Conventional treatment of these infec-
tions includes long-term intravenous antibiotic therapy, in
combination with surgical debridement and removal of the
orthopedic material or, if possible, its one- or two-stage re-
placement (3, 11, 20, 36, 37).

Over the last few years the use of oral, long-term ambulatory
antibiotic treatment such as rifampin combined with either
fluoroquinolones or fusidic acid has been proposed as an al-
ternative approach to the treatment of these chronic infec-
tions. The effectiveness and safety of oral ofloxacin combined
with rifampin for the treatment of these infections have been
reported previously (9), with an overall success rate of 74%.
Unfortunately, over the last few years quinolone resistance has
dramatically increased, particularly in hospital-acquired infec-
tions. In a recent study with a limited number of patients (8),
we recommended the association of oral fusidic acid plus ri-
fampin for the treatment of infected orthopedic implants when
quinolone-resistant staphylococci were implicated. However,
when staphylococci are resistant to all the antibiotics listed
above, glycopeptides (vancomycin and teicoplanin) and co-
trimoxazole (trimethoprim-sulfamethoxazole) are generally
the only agents that remain active in vitro and that are able to
diffuse into bone and joint tissues (39). We evaluated the
feasibility of using oral co-trimoxazole as an alternative to the
long-term parenteral administration of glycopeptides in the
ambulatory treatment of multidrug-resistant Staphylococcus-
infected orthopedic implants. The low concentration of co-
trimoxazole in the bone tissue in contact with the foreign
material led to a decision to increase the dose usually pre-
scribed for bacterial infections (26) to a higher level such as
that used in the management of AIDS patients with parasitic
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infections, e.g., Pneumocystis carinii pneumonia or cerebral
toxoplasmosis (trimethoprim, 20 mg/kg of body weight per day;
sulfamethoxazole, 100 mg/kg of body weight per day) (30, 34).

In this paper we report on the results of a study of oral
ambulatory treatment with high-dose co-trimoxazole of 39 pa-
tients with multidrug-resistant Staphylococcus-infected ortho-
pedic implants among the 380 patients with chronic osteoar-
ticular infections treated in our department between 1989 and
1997.

MATERIALS AND METHODS

Patients. Thirty-nine patients with infected orthopedic implants were included
in this study. A patient was included in the study when all of the following criteria
were met. (i) The patient had clinical, biological, and radiological evidence of an
orthopedic implant infection (orthopedic implants included protheses, plates,
and intramedullary nails). Evidence of an orthopedic device infection was estab-
lished by the presence of at least one of the following: productive fistula, pain and
biological inflammatory syndrome, radiological evidence of device looseness and
biological inflammatory syndrome, or joint swelling and biological inflammatory
syndrome. Biological inflammatory syndrome was manifested by an erythrocyte
sedimentation rate greater than 50 mm/h and an elevated level of C-reactive
protein. If present, extension of the fistula to the orthopedic material was con-
firmed by fistulography with a radiographic contrast agent. (ii) Leukocytes and
gram-positive cocci had to be present upon direct examination of pus samples;
and the same Staphylococcus species, as determined by biotyping and antibiotic
susceptibility testing, had to be isolated at least three times on 3 different days
from the discharge of the fistula or at least once from a joint aspirate or a surgical
bone biopsy specimen. (iii) The Staphylococcus isolate had to be resistant in vitro
to all antistaphylococcal antibiotics except co-trimoxazole and glycopeptides
(vancomycin and teicoplanin), with no alternative antimicrobial therapy except
glycopeptides permitted. (iv) The patient could have no contraindication to the
use of co-trimoxazole, and patient was required to have normal renal and hepatic
functions. (v) The patient could not be receiving any other antibiotic regimen for
the treatment of the infected orthopedic implant. (vi) The patient had to be
available for a follow-up period of at least 24 months after the completion of
treatment. (vii) Informed consent had to be obtained from the patient.

All eligible patients were included in the study; and at the time of inclusion,
demographic, clinical, laboratory (including full blood and differential counts,
hepatic enzyme levels, erythrocyte sedimentation rate, and C-reactive protein
levels), and radiological data were recorded.

Sample collection and bacterial culture. When possible, pus was sampled with
a compress or a swab; otherwise, pus was sampled by needle aspiration of the
prosthesis or by surgical biopsy when three consecutive aspirations remained
sterile. Direct microscopic examination of the pus after Gram staining was
performed to date the presence of polymorphonuclear leukocytes and bacteria.
The bacterial isolation procedure has been described previously (38). Briefly, in
parallel with conventional isolation procedures, we used a lysis-centrifugation
method which consisted of rapid freezing of the clinical samples in liquid nitro-
gen followed by thawing at 37°C. The freeze-thaw step was repeated twice, and
the sample was then inoculated as described above for the standard procedure.
Identification of the bacteria and antibiotic susceptibility tests were performed by
using AutoSCAN-W/A (Dade International, West Sacramento, Calif.), and if
necessary, the results were confirmed by conventional methods with the API
(Montalieu-Vercieu, France) system for the identification of bacteria and the
agar diffusion method for antibiotic susceptibility tests (the following antibiotics
were tested: oxacillin, erythromycin, pristinamycin, gentamicin, ofloxacin, cipro-
floxacin, fusidic acid, rifampin, teicoplanin, vancomycin, and trimethoprim-sul-
famethoxazole).

Treatment protocol. Co-trimoxazole (trimethoprim, 10 mg/kg of body weight;
sulfamethoxazole, 50 mg/kg of body weight) was administered orally twice a day.
The overall design of the treatment protocol was dictated by the type of infec-
tion. (i) For patients with prosthetic hip infections, antibiotics were administered
orally for a total of 6 months. For patients with an unstable prosthesis, one-stage
removal and reimplantation of the hip prosthesis was performed after 5 months
of antibiotic treatment; for other patients the prosthetic material was conserved.
(ii) For patients with prosthetic knee infections, antibiotics were administered
orally for a total of 9 months. For patients with an unstable prosthesis, one-stage
removal and reimplantation of the knee prosthesis was performed after 6 months
of antibiotic treatment; for other patients the prosthetic material was conserved.
(iii) For patients with osteosynthetic device infections, antibiotics were admin-
istered orally for 6 months, with the foreign body being removed after 3 months
of therapy if necessary.

Follow-up. During the 6- or 9-month antibiotic treatment period, monthly
clinical examinations (including questions about the use of analgesics or nonste-
roidal medications, pain and signs of dysfunction, and physical examination) and
laboratory analyses (including blood and differential counts, erythrocyte sedi-
mentation rate, C-reactive protein level, blood biochemistry, creatinine clear-
ance, and hepatic enzyme levels) were performed. After the completion of
therapy, the patients underwent the same clinical and biological evaluations and

radiological follow-up at months 3, 6, 12, 18, 24, 36, 48, 60, and 72. Antibiotic
treatment was stopped when no clinical, biological, or radiological evidence of
infection was present following the completion of the treatment protocol or at
any time during a documented treatment failure.

In the case of treatment failure, the evaluation procedure included the fol-
lowing: verification of the patient’s compliance including determination of anti-
biotic concentrations in the purulent drainage from the fistula and in the patient’s
urine (38), conventional radiography and fistulography, and a bacteriological
evaluation. When bacteria were cultured, identification and biotype indicated by
the AutoSCAN-W/A and antibiotic susceptibility patterns of the organisms iso-
lated from a patient at the time of treatment failure were compared with those
of the organisms isolated at the time of diagnosis. Cure was defined as the
absence of clinical, biological, and radiological evidence of infection after the
completion of treatment; treatment failure was defined as the absence of cure;
and relapse was defined as the reappearance of infection due to the same
Staphylococcus isolate that caused the original infection, regardless of the timing
of this secondary infection.

Reported follow-up durations date from the end of treatment, and only the
results for patients with a follow-up of at least 24 months are included in this
paper.

RESULTS

In total, 39 patients who had clinical, biological, and radio-
logical evidence of an orthopedic device infection and who
fulfilled the case definition were included in the study, which
was conducted between May 1989 and May 1997. These pa-
tients represented 10.3% of the 380 patients who were treated
for a chronic osteoarticular infection over the same time pe-
riod in our department.

Fistulas were present in 22 (56%) of the 39 patients in the
study. Staphylococcus species were isolated from the purulent
fistulous discharge for 22 (56%) of the 39 patients, after punc-
ture of the infected site for 10 (26%) of the 39 patients, and
after surgical biopsy of the infected site for 7 (18%) of the 39
patients. The time delay between the surgical implantation of
the orthopedic device and the confirmed microbiological diag-
nosis of infection ranged from 1 to 70 months. This time delay
was less than 3 months for 18 (20.5%) of the 57 patients and
more than 12 months for 12 (28.2%) of the 57 patients.

The 39 intention-to-treat patients included 8 with knee pros-
thesis infections (Table 1), 12 with hip prosthesis infections
(Table 2), and 19 with osteosynthetic device infections (Table
3). This group contained 35 males and 14 females and had a
median age of 48.7 years (range, 22 to 79 years). Treatment
success rates were determined after a posttreatment follow-up
of 24 to 75 months (average, 38 months). The overall treatment
success rate was 66.7% (26 of 39 patients), with success rates of
62.5% (5 of 8 patients) for patients with prosthetic knee infec-
tions, 50% (6 of 12 patients) for patients with prosthetic hip
infections, and 78.9% (15 of 19 patients) for patients with other
device infections (Table 4). Seventeen of the 28 (60.7%) pa-
tients from whom no orthopedic material was removed were
cured. Eleven (36.6%) patients needed to have the orthopedic
material removed; 9 (81.8%) of these patients were completely
cured. Seventeen (65.4%) of the 26 cured patients could be
treated by an antibiotic regimen alone. Seven (77.7%) of nine
patients who did not respond to a previous antibiotic protocol
(ofloxacin plus rifampin for five patients and fusidic acid plus
rifampin for four patients) were cured. Among the 39 inten-
tion-to-treat patients, 5 (patients 2, 14, 15, 18, and 39) ceased
treatment after developing major skin allergies, 3 (patients 21,
22, and 34) ceased treatment because of serious gastrointesti-
nal side effects, and 1 (patient 12) was not compliant. The
success rate for the remaining 30 patients who were able to
finish the treatment protocol was 86.7% (26 of 30 patients),
with success rates of 71.4% (5 of 7 patients) for patients with
prosthetic knee infections, 75% (6 of 8 patients) for patients
with prosthetic hip infections, and 100% (15 of 15 patients) for
patients with other device infections.
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As for pathogens, 16 (66.7%) of 24 patients with Staphylo-
coccus aureus infections were cured, as were 10 (66.7%) of 15
patients with coagulase-negative staphylococcal infections.
Three treatment failures (patients 3, 7, and 16) were related to
the isolation of a new co-trimoxazole-resistant Staphylococcus
strain, and one patient (patient 20) had a relapse caused by a
Staphylococcus strain which remained sensitive to the study
drug.

DISCUSSION

Deep infection of foreign-body implants is a common com-
plication found in orthopedic surgery, along with mechanical
dysfunction and thromboembolic disease. It can have extreme
social repercussions for the patient and an important economic
impact on the community because of the long periods of time
that the patient must remain in a hospital and in an invalid
state. The most common infectious agents are S. aureus and
coagulase-negative staphylococci, which are encountered in
more than 50% of the patients (3, 8, 9, 17). Rigorous applica-
tion of prophylactic methods (antibiotic prophylaxis, antibiot-
ic-coated cement, sterile operating room environment) has
resulted in a fall in the infection rate to less than 2% among
patients undergoing nontraumatic surgery (3, 18, 21, 25), but
the remaining infections, due to nosocomially acquired and
often multidrug-resistant bacteria, are extremely difficult to
manage. Simple surgical drainage (with retention of the pros-
thesis) with nonstandardized antibiotic therapy has had a suc-
cess rate of only 20 to 30% (1, 12). However, standard antibi-
otic protocols alone have failed to cure these infections
because of periprosthetic microbial adhesion and the existence

of an immunoincompetent fibroinflammatory zone around the
foreign body (6, 15, 22, 39). The usual treatment of this type of
infection requires the removal of the foreign body, followed by
an immediate or a delayed arthroplasty exchange (one- or
two-stage surgery). Surgical management is associated with
intravenous antibiotic treatment for several weeks or months
(3, 5, 11, 19–21, 29, 36, 37).

The availability of new fluoroquinolones with good tissue
diffusion and with an antibacterial spectrum that includes most
bacteria found in orthopedic implant infections prompted tri-
als of oral antimicrobial combinations for their treatment. We
previously reported on the feasibility of using the oral combi-
nation of rifampin plus ofloxacin for the treatment of staphy-
lococcus-infected orthopedic implants (9). Cure rates were
comparable to those obtained by conventional therapy, and in
most cases this prolonged antibiotic regimen allowed long-
term cure of the infection without implant removal. These
results explain why rifampin plus ofloxacin remained our first-
line regimen for the treatment of staphylococcus-infected or-
thopedic implants. Over the last few years, however, quinolone
resistance has increased among nosocomially acquired staph-
ylococcal isolates, and currently, 90% of staphylococcal iso-
lates that are resistant to oxacillin are also resistant to fluoro-
quinolones (32). Consequently, the use of quinolones as
antistaphylococcal drugs has decreased and investigators have
since turned their attention to other oral antistaphylococcal
antibiotics which might be efficacious. We recently reported on
the results of a study of oral fusidic acid combined with oral
rifampin for the treatment of staphylococcal infections associ-
ated with orthopedic implants (8), in which we achieved suc-
cess rates similar to those of our previous study in which we

TABLE 1. Characteristics of and outcomes for eight patients with staphylococcal infections of their knee prosthesesa

Patient
no. Sex Age

(yr)
Time delay to
infection (mo)

Clinical
presentation Microorganism Diagnostic

procedure
Previous

treatment
Prosthesis
removal Outcome Duration of

follow-up (mo)

1 M 75 38 P, L, Fi CoNS Fistula Yes Cure 40
2 M 71 14 P, I CoNS Biopsy O/R No Intolerance
3 F 69 7 P, I, Fe CoNS Puncture No Failure
4 M 76 4 P, I SA Puncture No Cure 50
5 M 79 20 Fi SA Fistula No Cure 53
6 F 68 3 P, I, Fe SA Puncture No Cure 48
7 M 37 27 P, L CoNS Puncture Yes Failure
8 F 72 3 Fi SA Fistula No Cure 43

a Abbreviations: SA, S. aureus; CoNS, coagulase-negative Staphylococcus; M, male; F, female; P, pain; Fe, fever; Fi, fistula; L, loosened prosthesis; I, inflammatory
syndrome; O/R, ofloxacin plus rifampin; F/R, fusidic acid plus rifampin.

TABLE 2. Characteristics of and outcomes for 12 patients with staphylococcal infections of their hip prosthesesa

Patient
no. Sex Age

(yr)
Time delay to
infection (mo)

Clinical
presentation Microorganism Diagnostic

procedure
Previous

treatment
Prosthesis
removal Outcome Duration of

follow-up (mo)

9 M 41 26 Fi, I CoNS Fistula O/R No Cure 33
10 F 79 11 P, Fe CoNS Biopsy F/R No Cure 24
11 M 63 9 P, I CoNS Biopsy F/R No Cure 28
12 F 71 2 P, I, Fe SA Puncture No Lack of compliance
13 F 63 22 P, L CoNS Puncture F/R Yes Cure 24
14 M 77 14 P, L, Fi SA Fistula O/R No Intolerance
15 M 45 7 P, I, Fe SA Puncture No Intolerance
16 M 72 23 P, I CoNS Puncture No Failure
17 M 68 1 P, I SA Puncture No Cure 33
18 M 72 70 P, I, Fe SA Biopsy No Intolerance
19 M 44 18 P, L, Fi SA Fistula Yes Cure 32
20 F 64 4 P, L, Fi SA Fistula Yes Failure

a Abbreviations: SA, S. aureus; CoNS, coagulase-negative Staphylococcus; M, male; F, female; P, pain; Fe, fever; Fi, fistula; L, loosened prosthesis; I, inflammatory
syndrome; O/R, ofloxacin plus rifampin; F/R, fusidic acid plus rifampin.
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evaluated the effectiveness of oral rifampin plus ofloxacin (9).
Nevertheless, in both studies, treatment failures were primarily
related to the isolation of resistant staphylococci, stressing the
importance of using new antibiotics that are effective against
these multidrug-resistant staphylococci. Furthermore, the rates
of resistance to the quinolones and fusidic acid among staph-
ylococci have increased dramatically and now average 55 and
45%, respectively, in our hospital. The only antibiotics that
remain active against multidrug-resistant staphylococci and
that are able to diffuse into bone tissue are glycopeptides
(vancomycin and teicoplanin) (10, 14, 27) and co-trimoxazole
(26). Although multidrug-resistant staphylococci often remain
sensitive in vitro to co-trimoxazole, this antibiotic is considered
to be substantially less effective than glycopeptides (24). Both
vancomycin and teicoplanin are potentially nephrotoxic and
can be administered only by the parenteral route. Use of the
parenteral route of drug delivery is not a major inconvenience
in the traditional approach in which patients with chronic bone
and joint infections are admitted to a hospital for the total
duration of medicosurgical therapy. Nowadays, however, in an
effort to control escalating costs, patients with chronic infec-
tions should be admitted to a hospital only for the initiation of
treatment and at around the time of surgical therapy, and when
possible, the remainder of therapy should be continued on an
outpatient basis (7).

Co-trimoxazole is useful in the treatment of a wide spectrum

of bacterial infections. The standard dosage is trimethoprim at
5 mg/kg/day and sulfamethoxazole at 25 mg/kg/day; e.g., two
tablets twice a day or one double-strength tablet twice a day.
Co-trimoxazole may also be used for the treatment of parasitic
infections, e.g., susceptible Plasmodium falciparum infections,
toxoplasmic encephalitis, and P. carinii pneumonia in immu-
nocompromised patients with or without AIDS. In these pa-
tients, the usual recommended dose is much higher than the
standard regimen; thus, trimethoprim at 20 mg/kg/day and
sulfamethoxazole at 100 mg/kg/day are administered in two or
three doses orally or intravenously (23, 30, 40). Co-trimoxazole
has a high level of in vitro activity against most Staphylococcus
species (26, 33), and it has been useful in the treatment of
acute and chronic osteomyelitis (40). Because we had previ-
ously been unable to cure patients with orthopedic implant
infections treated with standard doses of co-trimoxazole (un-
published data), we administered the higher doses used for the
treatment of parasitic infections in order to increase the anti-
biotic concentration in the bone tissue and, more particularly,
in the zone of contact with the foreign material.

Compared to previous studies dealing with long-term oral
antibiotic regimens for the treatment of Staphylococcus-in-
fected orthopedic devices (8, 9), we noticed that a relatively
high percentage of patients (20.5%) had to cease their regi-
mens because of severe, previously observed (13, 30) side ef-
fects (allergic skin manifestation, vomiting, and diarrhea). This

TABLE 3. Characteristics of and outcomes for 19 patients with staphylococcal infections of their osteosynthetic devicesa

Patient
no. Sex Age

(yr)

Time delay to
infection

(mo)

Clinical
presentation Localization Type of

device Microorganism Diagnostic
procedure

Previous
treatment

Device
removal Outcome

Duration
of follow-
up (mo)

21 F 22 9 P, Fi, I Ankle Pl CoNS Fistula No Intolerance
22 M 32 6 Fi, I Knee Pl SA Fistula No Intolerance
23 F 26 3 P, Fi Tibia Pl SA Fistula Yes Cure 49
24 M 41 7 P, Fe Tibia Pl CoNS Biopsy Yes Cure 39
25 M 23 2 P, Fe, I Femur Pl SA Biopsy Yes Cure 37
26 M 44 10 P, Fi, I Tibia IMN CoNS Fistula O/R No Cure 45
27 M 47 1 P, Fi Tibia Pl CoNS Fistula No Cure 54
28 F 22 9 P, Fi Ankle Pl SA Fistula No Cure 57
29 M 53 1 Fi Ankle Pl SA Fistula No Cure 75
30 F 58 6 P, Fi, I Tibia IMN CoNS Fistula O/R No Cure 65
31 M 28 2 P, Fe, I Tibia Pl SA Biopsy Yes Cure 48
32 F 36 4 P, Fi Ankle Pl CoNS Fistula No Cure 52
33 M 35 20 Fi Tibia Pl SA Fistula F/R Yes Cure 45
34 M 16 7 P, I Tibia Pl SA Puncture No Intolerance
35 M 50 2 P, Fi, I Tibia Pl SA Fistula Yes Cure 73
36 M 22 1 P, Fe, Fi Tibia IMN SA Fistula No Cure 24
37 F 37 11 Fi Ankle Pl SA Fistula No Cure 49
38 M 43 4 P, Fi Tibia Pl SA Fistula No Cure 25
39 M 29 5 P, Fi, I Tibia Pl SA Fistula No Intolerance

a Abbreviations: SA, S. aureus; CoNS, coagulase-negative Staphylococcus; M, male; F, female; P, pain; Fe, fever; Fi, fistula; I, inflammatory syndrome; Pl, plate; IMN,
intramedullary nail; O/R, ofloxacin plus rifampin; F/R, fusidic acid plus rifampin.

TABLE 4. Cure rate for intention-to-treat patients with infected orthopedic devicesa

Type of
prosthesis

Cure rate (no. of patients cured/no. of patients treated [%]) for patients with the following infections and treatments:

SA,
antibiotics

SA, antibiotics,
device removal

CoNS,
antibiotics

CoNS, antibiotics,
device removal Total

Hip 1/5 1/2 3/4 1/1 6/12 (50)
Knee 4/4 0/0 0/2 1/2 5/8 (62.5)
Osteosynthetic 5/8 5/5 4/5 1/1 15/19 (78.9)

Total 10/17 6/7 7/11 3/4 26/39 (66.7)

a Abbreviations: SA, S. aureus; CoNS, coagulase-negative Staphylococcus.

VOL. 42, 1998 TREATMENT OF INFECTED ORTHOPEDIC IMPLANTS 3089



may explain the discrepancy in the cure rate in intention-to-
treat patients (66.7%) compared to that in patients who fin-
ished the treatment protocol (86.7%). Co-trimoxazole inter-
feres with folic acid metabolism; and megaloblastic anemia,
neutropenia, and thrombocytopenia have been described with
prolonged use of co-trimoxazole (40). In our study five patients
(patients 1, 4, 5, 10, and 17) presented with megaloblastic
anemia during the treatment period and were treated with
folinic acid; for none of them did the antibiotic regimen need
to be interrupted, and all of them were cured. In three patients
(patients 3, 7, and 16), treatment failures were related to the
isolation of co-trimoxazole-resistant staphylococci. This may
be explained by the fact that in some patients the failure to
note and to examine different strains of coagulase-negative
staphylococci in the original cultures resulted in a lack of
complete initial microbiological documentation. In those pa-
tients with an initial infection with more than one Staphylococ-
cus strain, some bacteria could have been resistant to co-
trimoxazole, explaining the treatment failure and the further
isolation of staphylococci resistant to this antibiotic. On the
other hand, this may indicate that either trimethoprim or sul-
famethoxazole did not reach concentrations effective in situ,
resulting in some cases in pseudomonotherapy. The overall
cure rate of 66.7% was similar not only to those obtained in our
previous studies of oral rifampin plus ofloxacin (9) and ri-
fampin plus fusidic acid (8) but also to that obtained by con-
ventional long-term intravenous antibiotic therapy combined
with surgery (35). Co-trimoxazole can be used as a primary
treatment (30 of 39 patients) or as a second-line treatment in
cases of the failure of other previous standardized antibiotic
regimens (9 of 39 patients). Our previous studies seemed to
indicate a greater rate of success of long-term antibiotic ther-
apy in the hip prosthesis group compared to that in the knee
prosthesis group (4, 8, 9), and we therefore recommended for
all patients with knee prosthesis infections administration of
oral antibiotics for 6 months before and 3 months after one-
stage removal and reimplantation of the prosthesis (regardless
of whether the prosthesis was stable). In this study, knee pros-
theses were removed only when they were instable, and the
success rate among these patients (62.5%) is similar to those
that we found after use of our previous protocols. Our study
demonstrates that orthopedic implant infections can be man-
aged without removal of the foreign material, because 65.4%
(17 of 26) of our cured patients could be treated with an
antibiotic regimen alone. In these patients long-term oral an-
tibiotic therapy alone may be a suitable alternative to classical
medicosurgical treatment, especially when there are contrain-
dications for surgery.

As for cost-effectiveness, a 6-month oral treatment of co-
trimoxazole costs about $350, whereas a 1-day admission to the
department of surgery costs about $700.

In conclusion, the results reported in this paper indicate that
co-trimoxazole at high doses is efficient for long-term oral
antibiotic therapy of multidrug-resistant Staphylococcus-in-
fected orthopedic implants. Nevertheless, the presence of a
relatively high number of side effects compared to those re-
sulting from the use of other well-established oral protocols
(e.g., fusidic acid plus rifampin or ofloxacin plus rifampin)
suggests that co-trimoxazole should be prescribed only for the
treatment of infections due to multidrug-resistant staphylo-
cocci, in which case therapy with other drugs will fail. For these
indications, oral co-trimoxazole at high doses may be a valu-
able ambulatory alternative to parenteral glycopeptide ther-
apy. The systematic removal or replacement of infected ortho-
pedic material does not appear to be always necessary, but this
issue must be reevaluated in further, larger studies.
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